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1 To care or not to care?1 To care or not to care?1.To care or not to care? 1.To care or not to care? 

C t d b fitC t d b fit f t lf t lCosts and benefits Costs and benefits of parental care of parental care 



Produce more offspring with Produce more offspring with 
less parental care, orless parental care, orless parental care, orless parental care, or

Produce  less offspring withProduce  less offspring with
more parental care?more parental care?more parental care?more parental care?



More or less parental care ? More or less parental care ? 



1.To care or not to care? 1.To care or not to care? 

Care enhances offspring survival?Care enhances offspring survival?
---- protection from predationprotection from predation

Limitation of food or other resources: Limitation of food or other resources: 
b d f db d f d l fl fabundant food abundant food less cost for careless cost for care

Lifetime reproductive investmentLifetime reproductive investment
parents tend to have moreparents tend to have moreparents tend to have more parents tend to have more 
offspring in their lifetime.offspring in their lifetime.



2 Wh is parental care more often2 Wh is parental care more often2. Why is parental care more often 2. Why is parental care more often 
maternalmaternal than paternal? than paternal? pp



F l t b fitF l t b fitFemale cost vs. benefitFemale cost vs. benefit::
Females have already invested so much

i d i + h i l i l t i tin producing eggs + physiological constraints.
Females are sure of their genes will pass on, if
th f tili d i t llthe eggs are fertilized internally.

Depending on offspring survival

Male cost vs. benefitMale cost vs. benefit: : 
M l t d t t t iblMales tend to mate as many mates as possible,
invest more energy on attracting females

M l t if th i illMales are not sure if their genes will pass on.
Depending on offspring survival



Male fishes are unusual that theyMale fishes are unusual that they
often provide often provide uniuni--parental care: parental care: 

Why?Why?

SticklebackStickleback



Male fishes are unusual that theyMale fishes are unusual that they
often provideoften provide uniuni parental care:parental care:often provide often provide uniuni--parental care: parental care: 
1. external fertilization1. external fertilization
2. defend territory  2. defend territory  
3. ensure paternity3. ensure paternityp yp y

SticklebackSticklebackRandall’s Randall’s JawfishJawfish



Paternal behavior might evolve Paternal behavior might evolve 
when males can ensure paternitywhen males can ensure paternity

Hypothesis:  Males are more likely to take care of 
young if they “know” they’re the dad

Experiments:

Temporarily remove
the father fish during
egg stage or fry 
stage….
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3. Parent3. Parent--offspring recognitionoffspring recognition

Many colonial species recognize offspring



ParentParent--offspring recognitionoffspring recognitionp g gp g g

Parents should avoid caring youngParents should avoid caring young
that are not their own offspringthat are not their own offspringthat are not their own offspring,that are not their own offspring,

But not all species recognize But not all species recognize 
their own progenytheir own progeny



Offspring recognition: function to preventOffspring recognition: function to prevent 
misdirected parental care.

Prediction: Parents should be especially 
good at identifying their own young in 
colonial species (living in a social group)colonial species (living in a social group)
but not as well in solitary species. 



Mexican free tailed batsMexican free-tailed bats

Pregnant females form colonies in the millionsPregnant females form colonies in the millions…

4000 pups per square meters~4000 pups per square meters

Can mother bats nurse discriminately?Can mother bats nurse discriminately?  

Yes recognizeYes, recognize   
the odor and call
of its youngof its young



Bank swallows and rough winged swallowsBank swallows and rough-winged swallows
are closely related

Bank swallows: colonialcolonial species,
fledglings have distinctive 
begging calls

Rough-winged swallows: 
solitarysolitary species: fledglings have,
less distinctive begging calls

What species can recognize their young? 



Cliff swallows and barn swallows
are closely relatedare closely related

Cliff swallows: colonialcolonial species; 
nestlings have distinctive,
highly variable begging calls
P t i th iParents recognize their young.

Barn swallows: solitarysolitary species
fledglings have less distinctive callsfledglings have less distinctive calls
Parents do not recognize the young



ParentParent--offspring recognitionoffspring recognitionp g gp g g

Parents should avoid caring youngParents should avoid caring young
that are not their own offspringthat are not their own offspringthat are not their own offspring.that are not their own offspring.
Species can not identify theirSpecies can not identify their
own individual offspring:own individual offspring:own, individual offspring: own, individual offspring: 
1. Many solitary/ territorial species1. Many solitary/ territorial species
andand
2. Species provide less/ no care2. Species provide less/ no carep pp p



Species provide less/ no care: Species provide less/ no care: 

PrecocialPrecocial speciesspecies
(feather grown feed(feather grown feed(feather grown, feed,(feather grown, feed,
eyes open, standing)eyes open, standing)

vs. vs. 

AltricialAltricial speciesspecies
( k d l( k d l(naked, eyes close,(naked, eyes close,
depend on parents)depend on parents)

What species is more likely to recognize their offspring individually? 



2. 2. PrecocialPrecocial species provide less/ no care,species provide less/ no care,
t l lik l t i ff it l lik l t i ff iparents less likely to recognize offspring parents less likely to recognize offspring 



When parents do not recognize their offspring:
Some take advantage of it by dumping the eggsg y g gg
to other nests and let other birds do the parenting

IntraIntra--specificspecific
brood parasitismbrood parasitismbrood parasitismbrood parasitism

Wood ducksWood ducksWood ducksWood ducks
(egg(egg--dumping) dumping) 

parasitize neighborsparasitize neighborsparasitize neighborsparasitize neighbors
of the of the samesame speciesspecies



When parents (solitary, territorial specie)
do not recognize their offspring:g p g
Some take advantage of it by dumping the eggs
to other nests and let other birds do the parentingp g

InterInter--specificspecific
brood parasitismbrood parasitismbrood parasitismbrood parasitism

European cuckoosEuropean cuckoosEuropean cuckoosEuropean cuckoos

parasitize the nestparasitize the nestparasitize the nestparasitize the nest
of of otherother speciesspecies



Inter-specific brood parasitism

BrownBrown--headed cowbirds (parasitize 216 host species)headed cowbirds (parasitize 216 host species)
Host parents fail to recogni e parasitic co bird o ngHost parents fail to recognize parasitic cowbird young



HostHost--parents sit on whatever eggs in their nestparents sit on whatever eggs in their nestosos pa e s s o a e e eggs e espa e s s o a e e eggs e es
“fail” to recognize parasitic cowbird egg…..“fail” to recognize parasitic cowbird egg…..



Parasitic cowbirds lay eggs in other species’ nest

Parasitize > 200 species



Parasitic cowbird’s strategies:
1. Hatch earlier than host young
2. Grow faster than host young
3. Parent cowbirds revenge if host parents don’t sit on it. 



Interspecific brood parasitism

BrownBrown--headed cowbirds (parasitize 216 host species)headed cowbirds (parasitize 216 host species)



Parental careParental careParental careParental care
1.Cost and benefit of parental care1.Cost and benefit of parental care

2. Sexual conflicts in parental care2. Sexual conflicts in parental care

3. Parent3. Parent--offspring recognitionoffspring recognitionp g gp g g

4 Parent4 Parent offspring conflictsoffspring conflicts4. Parent4. Parent--offspring conflicts offspring conflicts 



ParentParent offspring conflictsoffspring conflictsParentParent--offspring conflictsoffspring conflicts

Parent’s best interestParent’s best interest:
care as many healthy offspringy y p g

as possible: lifetime investment.

StrategiesStrategies: a few well fed offspringStrategiesStrategies:  a few well-fed offspring
or many less healthy offspring?
- depending on resource limit 



Parent Parent –– offspring conflictsoffspring conflicts

Offspring’s best interest:Offspring’s best interest:p gp g

maximize each individual’s needs, a e eac d dua s eeds,
at the cost of parents or/ and
other siblings’ survival.o e s b gs su a



Parent-offspring conflictsParent offspring conflicts 
between nestlingsnestlings and parents

Food begging callFood begging call as signal for hunger;
but also a manipulative tool



Parent-offspring conflictsParent offspring conflicts 
between infantsinfants and parents

CryingCrying signals infant’s need, signals infant’s need, y gy g g ,g ,
But also can be used by infants, as a manipulative tool,But also can be used by infants, as a manipulative tool,
to maximize infant’s benefitsto maximize infant’s benefits



Parent-offspring conflictsParent offspring conflicts

Infanticide

Lions and monkeys:
infanticide by males

Understand species-specific natural history is essential to

infanticide by males

Understand species specific natural history is essential to 
understand the evolution of animal behavior



Parent-offspring conflictsParent offspring conflicts

InfanticideInfanticide

killed by femaleskilled by females

Polyandrous jacanas



Why infanticide?Why infanticide?Why infanticide? Why infanticide? 
11 Sexual selection hypothesisSexual selection hypothesis1.1.Sexual selection hypothesis, Sexual selection hypothesis, 

infanticidal males will gain a reproductive advantage provided that only 
unrelated infants are killed and that the males increase their chances of 
siring the next infantssiring the next infants.

2. Social pathology hypothesis2. Social pathology hypothesis,,
i f ti id lt f d d li i diti d tinfanticide as a result of crowded living conditions and  not 
providing any advantage,  regardless of relatedness.

How to test these two hypotheses?How to test these two hypotheses?How to test these two hypotheses? How to test these two hypotheses? 



Infanticide in lions/ monkeysInfanticide in lions/ monkeys

killed by maleskilled by males

Support the “sexual selection” hypothesisSupport the sexual selection  hypothesis



Why do male lions have infanticide?Why do male lions have infanticide?Why do male lions have infanticide? Why do male lions have infanticide? 

11 When a new coming alpha male takeWhen a new coming alpha male take1.1. When a new coming, alpha male take When a new coming, alpha male take 
over the female group (pride).over the female group (pride).

2 A strategy to force females sexually2 A strategy to force females sexually2.  A strategy to force females  sexually 2.  A strategy to force females  sexually 
receptive; females give birth everyreceptive; females give birth every
11--2 years2 years11 2 years.2 years.

3. Dominant 3. Dominant αα--males have short timemales have short time--
window to control the pridewindow to control the pride havehavewindow to control the pride window to control the pride havehave
their own offspring their own offspring asapasap..

A cost to females, benefit to malesA cost to females, benefit to males



Parent-offspring conflicts

Infanticide in humans why?Infanticide in humans why?Infanticide in humans, why?Infanticide in humans, why?



Sibling rivalrySibling rivalry
each sibling wants to maximize its benefit 



Sibling rivalrySibling rivalry
SiblicideSiblicide



Sibling rivalrySibling rivalrySibling rivalrySibling rivalry
SiblicideSiblicideSiblicideSiblicide

Siblicide in Booby

Older one kills
the younger onethe younger one

Older one has
higher level of
testosterone



Sibling rivalrySibling rivalry

Bigger siblingBigger siblinggg ggg g
repels the smaller onerepels the smaller one

Parents have no Parents have no 
interruptioninterruptioninterruptioninterruption

Neighbor adults kill it.        Neighbor adults kill it.        



Sibling rivalrySibling rivalrySibling rivalrySibling rivalry
SiblicideSiblicide

Black eagle siblicide

SiblicideSiblicide



Sibling rivalrySibling rivalrySibling rivalrySibling rivalry
SiblicideSiblicideSiblicideSiblicide
In Spotted hyena,
First one kills the second pup

Old h hi hOlder one has higher
testosterone level than
the younger onethe younger one



Why sibling rivalry?Why sibling rivalry?y g yy g y
((SiblicideSiblicide))

Limited food provided from parentsLimited food provided from parentsLimited food provided from parentsLimited food provided from parents
--Compete for foodCompete for food
C t f t’ f diC t f t’ f di--Compete for parent’s feedingCompete for parent’s feeding



Sibling rivalrySibling rivalrySibling rivalrySibling rivalry
SiblicideSiblicideSiblicideSiblicide



Sibling rivalry is more intense if the siblingsSibling rivalry is more intense if the siblings 
hatch at the same day



Food limitation is an  important
contribution of sibling rivalry? 

Experiments to deprive food
intake from older sibling…

Hungry older sibling
-- attack junior ones

i t t t l l-- increase testosterone levels



Sibling rivalry in humansSibling rivalry in humans

King Lear --Shakespeare



Wh t tl d t id ?Wh t tl d t id ?What exactly do parents provide? What exactly do parents provide? 

Food,Food,

Home,Home,

Protection (from predator)Protection (from predator)

Skills to survive (toolSkills to survive (tool--making, foraging)making, foraging)

Love??Love??



In operant conditioning:In operant conditioning:

Behaviors can be trained (learned) by
providing reward or punishmentproviding reward or punishment,
same as parenting (teaching) offspring? 



Ski BSki BSkinner BoxSkinner Box



Skinner Box for humans?Skinner Box for humans?
. 

Skinner Box for humans?Skinner Box for humans?

Can operant conditioning apply to parental care?
Is it sufficient: parents provide reward/punishmentp p p

Is love or attachment really important? 



Harry HarlowHarry HarlowHarry HarlowHarry Harlow
~1950s

Test the idea ofTest the idea of
InfantInfant mother attachmentmother attachmentInfantInfant--mother attachmentmother attachment

~ according to Skinner’s~ according to Skinner’s~ according to Skinner s ~ according to Skinner s 
hypothesis, infants clung hypothesis, infants clung 
to mom because of foodto mom because of foodto mom because of food to mom because of food 
reward (conditioned).reward (conditioned).



Harry Harlow’s experiment I: Harry Harlow’s experiment I: 

www.youtube.com/watch?v=KlfOecrr6kI



Harry HarlowHarry HarlowHarry HarlowHarry Harlow
~1950s

Test the idea ofTest the idea of
InfantInfant mother attachmentmother attachmentInfantInfant--mother attachmentmother attachment

~~ according to Skinner’saccording to Skinner’s~ ~ according to Skinner s according to Skinner s 
hypothesishypothesis, infants clung , infants clung 
to momto mom because of foodbecause of foodto mom to mom because of food because of food 
reward (conditionedreward (conditioned).).



Harry Harlow’s experiment II: fear responseHarry Harlow’s experiment II: fear response

Mom (parent) is the source of security and self esteem

http://www.youtube.com/watch?v=fg9QCeA4FJs&feature=related

Mom  (parent) is the source of security and self-esteem



What is missing here? 
(what else parents can provide)(what else parents can provide)



Can these monkeys behave well when they grew up?Can these monkeys behave well when they grew up?
(reared by cloth mom) 



As these “motherless” monkeys grew up: they suffered from: they suffered from
d id idepressiondepression
stressedstressed
socially awkwardsocially awkwardyy

What did they miss from the mom? 



What happened when these 
monkeys became mothers?monkeys became mothers?
(motherless mothers)

-- neglectful
-- abusive
-- stressed (depressed)( p )

toward their own infants
over generationsover generations

Neglect begets neglect.Neglect begets neglect.

Abuse begets abuseAbuse begets abuse



How do our body handle the stress?

Stress response (fight or flight):
Hypothalmic-pituitary-adrenalyp p y
is a complex set of direct influences and
feedback interactions among the 
hypothalamus the pituitary glandhypothalamus, the pituitary gland
(a pea-shaped structure located 
below the hypothalamus), and the 
adrenal glands (small, conical organs 
on top of the kidneys).The interactions
among these organs constitute the HPA g g
axis, a major part of the neuroendocrine
system that controls reactions to stress
and regulates many body processesand regulates many body processes. 



How do our body handle the stress?

Stress responsep

Blood pressure upBlood pressure up

Digestive system inhibited

Muscle constraction

Shaking

Tunnel vision

Weaken immune system

Long term exposure under stressed environment:
hyper-sensitive to stress:  affect mental/ physical health



When a mother-to-be is stressed (or abused), she 
produces more cotisol (stress hormone) than sheproduces more cotisol (stress hormone) than she 
otherwise would. Some of this cortisol is transmitted to 
the fetus through the placenta. –the elevated cortisol
levels experienced by the fetus induces permanent 
changes in the response to stress: they makes it more 
sensiti e and h per responsi e to stressf l e entssensitive  and hyper-responsive to stressful events.  
Predispose to stress-related problems: anxiety disorder, 
depression substance abuse schizophrenia PTSDdepression, substance abuse, schizophrenia, PTSD.

Abuse begets abuse



How can parent’s love help offspring?

Parental care in Rats:Parental care in Rats:

p p p g

Mom: licking and grooming the pupsMom: licking and grooming the pups





Licking and
grooming from

mom

produce  p
more GC receptor,

better 
stress response

offspring 
less depressed;
become mom-

licking/grooming



Norway ratsNorway rats,

Offspring of high LG mothersOffspring of high LG mothers
less fearful, better stress response
when grow up high LG to their pupswhen grow up, high LG to their pups 

Offspring of low LG mothers
more fearful worse stress responsemore fearful, worse stress response
when grow up, low LG to their pups

Fearful mom fearful offspring



High licking/grooming (LG) mom and their offspringHigh licking/grooming (LG) mom and their offspring
havehave moremore GR (GR (GlucocorticoidGlucocorticoid receptor)receptor)have have moremore GR (GR (GlucocorticoidGlucocorticoid receptor) receptor) 
and and moremore SR (Serotonin receptor) in their brain.SR (Serotonin receptor) in their brain.

---- More GR and SR, better stress response.More GR and SR, better stress response.

HighHigh LG mom/infants haveLG mom/infants have moremore GR/ SR in the brainGR/ SR in the brain---- HighHigh LG mom/infants have LG mom/infants have moremore GR/ SR in the brainGR/ SR in the brain
less fear to novelty; better stress response.less fear to novelty; better stress response.

---- LowLow LG mom/ infants have LG mom/ infants have lessless GR/ SR in the brain.GR/ SR in the brain.





The mechanisms…The mechanisms…
How does mom’s licking and grooming How does mom’s licking and grooming 
induce different stress response, andinduce different stress response, andinduce different stress response, and induce different stress response, and 
pass on the offspring?pass on the offspring?

How does an event (maternal behavior) How does an event (maternal behavior) 
occurring so early in life have a longoccurring so early in life have a long--term term g y gg y g
impact on behavior?impact on behavior?

Epigenetic modifications to DNAEpigenetic modifications to DNAEpigenetic modifications to DNAEpigenetic modifications to DNA



1 What is epigenetic?1. What is epigenetic? 

2 Example(s) of epigenetic influence2. Example(s) of epigenetic influence 
to the offspring from the father (in this 

ti l )article).



What is epigenetics?What is epigenetics? 

H it bl h i iHeritable changes in gene expression     
caused by mechanisms other than 
h i th d l i DNAchanges in the underlying DNA  sequence.

E l f h h i ht b DNAExamples of such changes might be DNA   
methylation or histone modification, both of 

hi h t ti twhich serve to suppress or activate gene 
expression without altering the sequence
f th il dof the silenced genes.







Epigenetic modification of DNAEpigenetic modification of DNA

Same DNA sequence, but different extent of methylation
different expression of GR different fear responses



Licking, hugging, kissing, gazingg, gg g, g, g g
induce epigenetic changes
of your child (also the mom)



More estrogen receptor express 



GR= glucocorticoid receptor
(binds to stress hormone)



Nazca booby



First field study shows wild animals (booby) have the same conclusion:st e d study s o s d a a s (booby) a e t e sa e co c us o
abusive mom has abusive offspring…..




